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What’s known on the subject? and What does the study add?

Stone size and lower-pole location are commonly linked to residual fragments after RIRS, but the predictive values of Hounsfield unit (HU) 
density, body mass index (BMI), American Society of Anesthesiologists (ASA) class, and preoperative stenting remain inconsistent. Using a 
computed tomography-based stone-free definition in a large single-center cohort (n=527) and multivariable logistic regression including 
discrimination and calibration assessment, we found that stone size, lower-pole location, stone multiplicity, and age independently predicted 
stone-free status, whereas HU density, BMI, ASA class, and preoperative stenting did not (area under the curve 0.839).

Abstract
Objective: To evaluate clinical and stone-related factors associated with stone-free status after retrograde intrarenal surgery (RIRS) and to identify 
independent predictors of postoperative success.

Materials and Methods: We retrospectively reviewed adult patients who underwent RIRS for renal calculi from January 2020 to December 2025. 
Stone-free status was defined as no stones or clinically insignificant residual fragments (≤4 mm) on postoperative computed tomography at 3 
months. Groups were compared using the Mann-Whitney U test and the chi-square test. Univariate and multivariable logistic regression analyses 
were performed. Model discrimination and calibration were assessed using the area under the receiver operating characteristic curve (AUC) and the 
Hosmer-Lemeshow test.

Results: Among 527 patients, 332 (63.0%) were stone-free. In multivariable analysis, larger maximum stone size [odds ratio (OR): 0.80 per mm], lower-
pole location (OR: 0.21), stone multiplicity (OR: 0.59), and older age (OR: 0.98 per year) were independently associated with reduced odds of being 
stone-free. In contrast, body mass index (BMI), stone density [Hounsfield unit (HU)], American Society of Anesthesiologists (ASA) class, and preoperative 
stenting were not statistically significant. The model showed excellent discrimination (AUC: 0.839) and good calibration (Hosmer-Lemeshow p=0.77).

Conclusion: In contemporary practice, stone burden, lower-pole location, multiplicity, and age were the main determinants of stone-free status after 
RIRS; HU density, ASA class, BMI, and routine preoperative stenting were not predictive.
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Clinical and Stone-related Factors Influencing Stone-free Status After 
Retrograde Intrarenal Surgery

Introduction 

Renal stone disease is a prevalent and growing global health 
problem, driven by lifestyle, metabolic, and environmental 
factors (1). Retrograde intrarenal surgery (RIRS) is a widely used 
minimally invasive option for the management of renal calculi, 
supported by advances in flexible ureteroscope technology, 
high-power laser systems, and endourological technique (2). 

As indications have expanded to more complex stone burdens, 
reported stone-free outcomes still vary considerably across 
centers and populations (3,4), highlighting the need to better 
define factors that influence procedural success (4).

Multiple predictors of RIRS outcomes have been proposed, 
including stone size, anatomical location, stone multiplicity, 
Hounsfield unit (HU) density, and preoperative ureteral stenting 
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(5-8). However, prior evidence is often limited by small sample 
sizes, heterogeneous imaging modalities and follow-up, and 
inconsistent definitions of stone-free status. While stone size 
and lower-pole anatomy demonstrate relatively consistent 
relevance, findings for HU density, body mass index (BMI), 
American Society of Anesthesiologists (ASA) classification, and 
preoperative stenting remain conflicting across studies (9,10). 
These inconsistencies complicate preoperative counseling and 
hinder optimal patient selection and surgical planning.

In addition, relatively few studies have evaluated a broad 
range of demographic, anatomical, and radiologic predictors 
within a single multivariable framework (11). Reporting model 
performance using discrimination and calibration metrics is 
increasingly recommended in clinical prediction research (12), 
yet remains inconsistent in the RIRS literature. Consequently, 
clinicians have few high-quality estimates of the probability of 
being stone-free following RIRS.

Therefore, we evaluated a large contemporary cohort of adults 
undergoing RIRS using a standardized computed tomography 
(CT)-based definition of stone-free status (≤4 mm residual 
fragments). We aimed to identify independent clinical and 
stone-related predictors of stone-free status using univariate 
and multivariable logistic regression and to report model 
discrimination and calibration.

Materials and Methods

Study Design and Setting

This retrospective observational study included adult patients 
who underwent RIRS for renal calculi at Niğde Ömer Halisdemir 
Training and Research Hospital, a tertiary referral urology center, 
between January 2020 and December 2025. Four experienced 
endourologists performed all procedures in accordance with 
standardized institutional practice.

Patient Selection and Data Collection

Electronic hospital records were reviewed to identify all 
consecutive RIRS procedures performed during the study period. 
To avoid correlated observations, only the index (first) RIRS 
procedure for each patient was included; therefore, each patient 
contributed a single renal unit. Demographic and clinical 
variables included age, sex, BMI, ASA class, stone laterality, 
preoperative ureteral stenting, and perioperative details. Stone 
characteristics, including location, number of stones, maximum 
diameter, and mean attenuation in HU, were obtained from 
preoperative CT images and reports. For patients with multiple 
stones, the maximum stone diameter was defined as the 
maximum diameter of the largest stone. Stone multiplicity was 
defined as the presence of ≥2 stones on preoperative CT. Lower-
pole location was defined as the presence of at least one stone 

in the lower calyx, irrespective of additional stone sites. Stone 
burden was quantified using the maximum stone diameter, as 
it was the most consistently available measurement in radiology 
reports; cumulative diameter or volumetric measures were not 
available for all patients.

All patients underwent preoperative non-contrast CT as part of 
routine stone evaluation. Stone attenuation (HU) was recorded 
as the mean HU measured within a region of interest placed 
in the stone on axial images at the level of the stone’s maximal 
diameter, avoiding partial-volume effects and obvious artifacts 
where possible. CT acquisition parameters followed routine 
clinical protocols during the study period and may have varied 
modestly across scanners and years.

RIRS was performed under general anesthesia using flexible 
ureteroscopy with laser lithotripsy. The use of a ureteral access 
sheath, the choice between dusting and fragmentation with 
basket extraction, and postoperative ureteral stent placement 
followed surgeon preference within standardized institutional 
practice.

Outcome Definition

The primary outcome was stone-free status, defined as no 
residual calculi or only clinically insignificant residual fragments 
measuring ≤4 mm on postoperative CT performed 3 months after 
surgery. Patients were classified into stone-free and residual-
fragment groups.

Statistical Analysis

Continuous variables were summarized as medians with 
interquartile ranges (IQRs), and categorical variables as 
frequencies and percentages. Between-group comparisons 
were performed using the Mann-Whitney U test for continuous 
variables and the chi-square test for categorical variables.

Univariate logistic regression analyses were performed to screen 
for associations with stone-free status. Variables with clinical 
relevance or a univariate p-value <0.10 were entered into a 
multivariable logistic regression model. The multivariable model 
included age, BMI, maximum stone size, stone multiplicity, 
lower-pole location, stone density (HU), ASA class (modeled as an 
ordinal variable), and preoperative ureteral stenting. Adjusted 
odds ratios (ORs) with 95% confidence intervals (CIs) were 
reported.

Model performance was evaluated using measures of 
discrimination and calibration. Discrimination was assessed with 
the area under the receiver operating characteristic (ROC) curve 
(AUC). Calibration was assessed using the Hosmer-Lemeshow 
goodness-of-fit test and a decile-based calibration plot. Because 
this was a single-cohort retrospective study, the performance 
metrics represent apparent (in-sample) performance. Statistical 
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significance was set at p<0.05. All analyses were performed 
using Python (Python Software Foundation, Beaverton, OR, USA) 
with the SciPy and statsmodels libraries.

Results

Patient and Stone Characteristics

A total of 527 patients were included in this analysis. Of these, 
332 patients (63.0%) achieved stone-free status after RIRS, 
whereas 195 patients (37.0%) had residual fragments.

Patients in the stone-free group were younger (median age, 49.0 
years, IQR: 39.8-61.0 vs. 56.0 years, IQR: 45.0-65.5; p<0.001). BMI 
was similar between the groups (27.0 vs. 26.9 kg/m2; p=0.633).

Maximum stone diameter was smaller in stone-free patients 
than in those with residual fragments (10.0 mm, IQR: 8.0-15.0 
vs. 19.0 mm, IQR: 12.2-20.0; p<0.001). Sex distribution (59.8% 
vs. 60.4% male; p=0.967), preoperative stenting (23.6% vs. 25.3%; 
p=0.740), and ASA class distribution (p=0.768) did not differ 
between groups (Table 1).

Stone density did not differ between groups (median 1070 
HU, IQR: 780-1450 vs. 1050 HU, IQR: 800-1435; p=0.691). The 
boxplots showed substantial overlap, suggesting that HU density 
alone did not discriminate stone-free status (Figure 1).

Lower-pole stones were more common in patients with residual 
fragments than in stone-free patients (62.6% vs. 43.1%; p<0.001). 
Upper- and mid-pole locations were more frequent among 
stone-free patients (Figure 2).

Univariate Predictors of Stone-Free Status

Univariate logistic regression identified several variables 
associated with stone-free status. Increasing age was associated 
with lower odds of stone-free outcome (OR: 0.98; 95% CI: 0.97-
0.99; p=0.0016). Maximum stone size showed a strong inverse 
association: each 1-mm increase in stone size was associated 

with lower odds of stone-free status (OR: 0.83; 95% CI: 0.80-0.87; 
p<0.001). Patients with multiple stones had lower odds of being 
stone-free (OR: 0.54; 95% CI: 0.36-0.82; p=0.0038).

Lower-pole location was also associated with reduced stone-free 
odds (OR: 0.43; 95% CI: 0.29-0.63; p<0.001). Stone density (HU), 
BMI, ASA class, sex, and preoperative ureteral stenting were not 
significantly associated with stone-free status (all p>0.05) (Figure 3).

Multivariable Predictors of Stone-Free Status

In the multivariable logistic regression model, maximum stone 
size remained independently associated with lower stone-free 
odds (OR: 0.80; 95% CI: 0.76-0.84; p<0.001), as did lower-pole 

Table 1. Baseline demographic and stone-related characteristics according to stone-free status

Variable Stone-free (n=332) Residual (n=195) p-value

Age (years) 49.0 (39.8-61.0) 56.0 (45.0-65.5) <0.001

BMI (kg/m2) 27.0 (24.6-30.4) 26.9 (24.3-30.1) 0.633

Maximum stone size (mm) 10.0 (8.0-15.0) 19.0 (12.2-20.0) <0.001

Stone density (HU) 1070 (780-1450) 1050 (800-1435) 0.691

Male sex, n (%) 195 (59.8%) 116 (60.4%) 0.967

Multiple stones, n (%) 79 (23.8%) 68 (34.9%) 0.008

Lower-pole location, n (%) 143 (43.1%) 122 (62.6%) <0.001

Preoperative ureteral stent, n (%) 78 (23.6%) 49 (25.3%) 0.740

ASA class distribution ASA 1: 36; ASA 2: 259; ASA 3: 37 ASA 1: 25; ASA 2: 147; ASA 3: 21 0.768

Values are presented as median (IQR) or number (percentage). p-values calculated using Mann-Whitney U or chi-square tests as appropriate
ASA: American Society of Anesthesiologists, BMI: Body mass index, IQR: Interquartile range, HU: Hounsfield unit

Figure 1. Stone density distribution. Boxplot comparison of stone density 
between stone-free (n=332) and residual-fragment (n=195) groups, showing 
medians and interquartile ranges
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location (OR: 0.21; 95% CI: 0.12-0.37; p<0.001). Stone multiplicity 
(OR: 0.59; 95% CI: 0.35-0.99; p=0.047) and age (OR: 0.98; 95% 
CI: 0.96-1.00; p=0.026) also retained independent associations. 
BMI, stone density, ASA class, and preoperative stenting were not 
independently associated with stone-free status (Figure 4).

Model Performance

The multivariable model demonstrated excellent discrimination 
(AUC: 0.839) on ROC analysis (Figure 5). Calibration showed 
close agreement between predicted and observed stone-free 
probabilities across deciles, with a non-significant Hosmer-
Lemeshow test (p=0.77) (Figure 6).

Discussion

In this contemporary single-center cohort, larger stone size, 
stone multiplicity, lower-pole location, and older age were 
independently associated with lower odds of achieving stone-
free status after RIRS. These findings are consistent with prior 
endourological literature and support the continued importance 
of stone burden and unfavorable intrarenal location as key 
determinants of RIRS outcomes (13-15).

The inverse association between stone size and stone-free status 
likely reflects increased operative complexity with greater stone 
burden, including longer operative time, reduced visualization, 
and the need to manage a larger number of fragments (16). 

Similarly, lower-pole stones are technically more challenging 
because of limitations in scope deflection, more acute 
infundibulopelvic angles, and less favorable fragment clearance 
dynamics (17).

Stone multiplicity remained independently associated with 
lower stone-free odds, which may reflect cumulative stone 
burden and the need to access multiple calyces (18). In contrast, 
HU density, ASA class, BMI, and preoperative stenting were 
not independently predictive in our model. The overlap in HU 
distributions suggests that attenuation alone may be insufficient 
to capture intraoperative fragmentation behavior in the modern 
RIRS setting; improvements in laser systems and dusting 
techniques may attenuate the practical impact of hardness (19). 
We also did not observe an independent association of routine 
preoperative stenting with stone-free status, consistent with 
recent studies questioning its routine use in uncomplicated 
cases (20).

Current RIRS Scoring Systems in Context

Several scoring systems, including the Resorlu-Unsal, R.I.R.S., 
and modified S-ReSC scores, have been developed to estimate 
stone-free outcomes by integrating radiologic and anatomical 
parameters (21-23). However, their clinical performance has 
been variable, often constrained by heterogeneous stone-free 
definitions and reliance on measurements subject to inter-
observer variability (24).

Figure 2. Stone localization distribution. Distribution of stone localization categories in stone-free (n=332) and residual-fragment (n=195) groups. Bars show 
within-group percentages; numbers above bars indicate patient counts. “Other locations” includes less frequent multi-location categories
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Figure 3. Univariate predictors of stone-free status. Forest plot showing 
univariate logistic regression odds ratios with 95% confidence intervals for 
candidate predictors of stone-free status. Continuous variables are modeled 
per 1 unit (age per year, BMI per kg/m2, stone size per mm, stone density per 
HU); categorical variables are coded as yes/no, and ASA class is modeled as an 
ordinal variable

BMI: Body mass index, HU: Hounsfield unit, ASA: American Society of Anesthesiologists

Figure 4. Multivariable predictors of stone-free status. Forest plot showing 
adjusted odds ratios and 95% confidence intervals for variables included in 
the multivariable logistic regression model. Continuous variables are modeled 
per 1 unit (age per year, BMI per kg/m2, stone size per mm, stone density per 
HU); categorical variables are coded as yes/no, and ASA class is modeled as an 
ordinal variable

BMI: Body mass index, HU: Hounsfield unit, ASA: American Society of Anesthesiologists

Figure 6. Calibration plot of predictive model. Calibration plot comparing 
predicted and observed stone-free probabilities across deciles (Hosmer-
Lemeshow p=0.77)

Figure 5. ROC curve for predictive model. ROC curve demonstrating 
discrimination of the multivariable model (AUC: 0.839)

AUC: Area under the curve, ROC: Receiver operating characteristic
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Maximum stone size, lower-pole location, stone multiplicity, 
and age were independently associated with stone-free status 
in the full multivariable model, which had an apparent AUC of 
0.839. These results may inform refinement of existing scoring 
systems by prioritizing variables with consistent predictive value 
in contemporary practice (25).

Clinical Implications

These results have practical implications. Preoperative CT-based 
stone mapping is particularly important in patients with larger, 
multiple, or lower-pole stones, who may benefit from counseling 
regarding residual fragments and the possibility of staged 
treatment. In addition, the limited predictive value in our model 
of HU density and routine preoperative stenting may help guide 
counseling and resource use.

Study Limitations

This retrospective, single-center design introduces potential 
selection bias and may limit generalizability to institutions with 
different case mix, levels of experience, or equipment. Important 
anatomical measurements, such as infundibulopelvic angle, 
infundibular width, and calyceal length, were not quantified. 
Operative factors (e.g., laser settings, scope characteristics, 
irrigation parameters) were also not assessed. Model performance 
was evaluated in-sample, and external validation is required 
to confirm applicability across settings. Stone burden was 
represented by maximum diameter rather than by cumulative 
diameter or by volumetric measures, which may better capture 
the total burden in patients with multiple stones.

Despite these limitations, the large sample size, standardized 
outcome definitions, and rigorous analytical methods provide 
a solid foundation for interpreting our findings. Prospective 
multicenter studies incorporating 3-dimensional anatomic 
reconstructions, laser-specific metrics, and external validation 
are needed to further refine predictive frameworks for RIRS.

Conclusion

In this comprehensive evaluation of the predictors of stone-free 
status following RIRS, maximum stone size, stone multiplicity, 
lower pole location, and patient age emerged as the most 
critical independent determinants of postoperative clearance. 
Conversely, HU density, ASA class, BMI, and preoperative stenting 
were not independently associated with stone-free status in this 
cohort. These findings refine our understanding of the relative 
importance of key predictive factors, challenge assumptions of 
several existing scoring systems, and support the development 
of simplified, evidence-based models to enhance preoperative 
risk stratification and clinical decision-making.
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